Simple Performance Tests (SPT) including indirect tensile test and dynamic modulus test have been widely used in the evaluation of the performance of asphalt concrete. The so-called SPT tests typically apply uniform stresses on the boundary and therefore obtain the stress-strain relation with convenience. Nevertheless, asphalt concrete is a heterogeneous material composed of asphalt binder, aggregate and air void.
INTRODUCTION
Indirect Tensile Test (IDT) has been widely used to predict the performance in fatigue of asphalt concrete. However the interpretation of the test is based homogeneous elasticity; the microstructure or the heterogeneity of the sample is not reflected in enough details for numerical simulation historically.
Various material models have been introduced to predict the behavior of asphalt concrete under both monotonic loading and cyclic loading. Schapery (1984) introduced a model by replacing physical strains with pseudo strains so that a viscoelastic problem can be transformed into an elastic problem through the correspondence principle. Work potential theory (Schapery 1990 ) was used in constitutive and evolution description based on pseudo stresses and strains. The change of stiffness of the material due to accumulative damage or healing was also taken into account. Both monotonic loading and cyclic loading were investigated using this theory by Park et al (1996) , Lee (1998) and Zhang et al. (1997) . Viscoplastic models were also introduced recently to describe the rate dependent plastic stress -strain relations. Collop et al (2003) implemented an elasto-viscoplastic constitutive model with damage for asphalt. It was formulated based on the generalized Burger's model: an elastic element in series with a viscoelastic element (linear Voigt) and a viscoplastic element (nonlinear). A power law function was assumed for the viscoplastic strain rate-stress relationship. Damage was accounted for by introducing parameters that modify the viscosity. Tashman et al (2005) developed a microstructural viscoplastic continuum model for asphalt concrete. The viscoplastic strain rate was defined using Perzyna (1966) The literatures indicate that asphalt concrete is controlled by viscoplastic response and dominated by plasticity that can be defined by Drucker-Prager criterion. However, these continuum models were based on homogeneous material properties derived from various experimental data on representative volumes or specimens. The microstructure was not considered in these models. In this study, the x-ray tomography technology was used to obtain the internal microstructure of the specimens. Image analysis method was developed to translate the acquired gray images into binary images to reconstruct the three dimensional (3D) microstructure models that reflect the geometry of voids, aggregates, and binder of the asphalt concrete specimens. This method can effectively reflect the discontinuous distribution of stresses, which is critical for damage incurrence. This paper compares the theoretical solution for the IDT with FEM (Finite Element Method) simulations, evaluates whether a parameter, the stress concentration factor (Wang 2003) could capture the essential performance of asphalt concrete in terms of fatigue properties.
X-RAY TOMOGRAPHY IMAGING, ANALYSIS AND MICROSTRUCTURE

MODEL
X-ray Tomography is a valid tool for quantifying the microstructure of asphalt concrete (Wang et al 2001; Masad et al 2002; Wang et al 2004) . The asphalt concrete sample was scanned using x-ray tomography to obtain a series of gray image slices that reflect density variation of the constituents such as asphalt binder, aggregates and voids (Figure 1 ). Calibration was carried out according to the material properties and the size of the samples. It is very important to obtain good images in the scanning process so that accuracy can be established from the very beginning. When multiple slices were stacked together they create 3D visualization of the internal structure of the specimen. Several computer codes, using IDL language, were written to carry out the 3D reconstructions and quantification (illustrated in Figure 2 ). Through image processing, the series of images were transformed into a 3D data array that can be mapped into FEM elements. A statistic study with elastic material model for small strain was conducted here to study the relative effect of mix properties on the performance of asphalt concrete and validate whether the simulation method can capture the essential data to represent performance.
THEORETICAL SOLUTION FOR INDIRECT TENSION TEST
Due to the geometry of the specimen and the loading characteristics of IDT, the stress and strain in the specimen during loading are complicated. The simplified theoretical solution for the plane stress condition along the horizontal and the vertical diameter is formulated as follows (Hondros, 1959) :
Along the horizontal diameter: Where P is the magnitude of the applied force, a is the width of the loading plate, L and R are the length and radius of the cylinder respectively, 11 σ and 22 σ are the direct stresses in the horizontal and vertical directions respectively.
The 3D solution was formulated with potential function by Wijk (1978) . However, it is more complicated and is close to the plane stress solution. The influence of the loading plate stiffness and geometry is in the vicinity of the plate only (Zhang, 1997) .
Therefore only the above equations were used to draw the stress distribution of the specimen for the purpose of comparison.
FEM MODEL CONSTRUCTION
A FEM geometry model was built to reflect the actual microstructure of the specimens (specimens are from the WesTrack project, Epps et. al, 1997) . By importing the three dimensional data obtained from image analysis and reconstruction, the elements representing aggregates and voids are grouped and separated from the elements representing binder or mastics. Element groups representing aggregates and asphalt binders were assigned with different elastic or viscoplastic material properties while the element group for voids was removed during the loading steps. In this study, all the nonvoids components were assigned with elastic properties that may represent the behavior of the binder at low temperature and small loading magnitude. The result of the FEM simulation was compared with the analytical elastic solution to verify the accuracy of FEM simulation so that proper mesh size can be determined. Due to the large memory and disk space requirement of the simulation, all the images with 512*512 resolution were transformed into 100*100 resolution and the volume fractions of the constituents were maintained. In addition to stresses, strains and displacements that result from the FEM simulation, the stress concentration factor (the ratio between the largest tensile stress and that of the elastic solution assuming homogeneity) was also computed. The stress concentration factor is a comprehensive indicator of the rationality of the material structure. To validate these concepts, the three mixtures of the WesTrack project (the fine mix, the fine plus mix, and the coarse mix) were evaluated using the procedure developed.
The results will be discussed later.
RESULTS AND DISCUSSIONS
Due to the existence of aggregates and voids in the mixture, the stress distribution no longer follows that of either the theoretical elastic solution or the FEM solution assuming homogeneity of the material.
The typical stress distributions along vertical and horizontal diameter for these three samples are plotted in Figure 3 through Figure 5 . It can be seen that the coarse mix had the largest stress variations, followed by the fine plus mix and the fine mix. It should be note that his order is the same order that these mixes performed (from poor to good).
The analytical solution for the IDT test model used in the FEM simulation was calculated and illustrated in Figure 6 . While assigning the same property for aggregate and asphalt binder, the two-constituent FEM model yields a solution that agrees well with the analytical elastic solution in the average sense.
By comparing the stress distributions of the FEM simulations that include voids, aggregates and binder and those of the analytical solution, one can obtain the stress concentration factor conveniently. It is found that the fine mix sample had the least stress concentration while the coarse mix showed the largest stress concentration (See Figure 7) .
However, the stress concentrations are similar if voids were not removed, indicating the importance of void structure on the behavior of the mixture. In the calculation of the average stress (needed for calculating the stress concentration factor), the stresses along the 20mm and the 80 mm position (with a height of 60mm) were averaged to avoid the local effect in the vicinity of the loading plate. The results are tabulated in Table 1 . This result may imply that the fine mix will have the best performance, which was observed in the field experiment.
The simulations are for thin disks. Generally, the stress distribution for all fine mix specimens (thin disks) is consistent, and so is for the coarse mix specimens and the fine plus mix specimens, indicating that thin disks may be used for simulations to reduce memory and time requirements. In order to verify the statistic consistency of the simulations, ten simulations were performed for each mixture. The average stress and its standard deviations were collected for every simulation. The results (Table 2 to Table 4) show that for every sample(a mix), the consistency is good and therefore the solutions were distinguishable among the three mixtures of the WesTrack project.
The variation of stress distribution due to the different ratios between the elastic modulus of aggregates and that of asphalt binder was also studied by comparing simulation results of samples with 1:1 ratio (aggregate modulus to binder or mastic modulus) up to 100:1 ratio. The results were plotted in Figure 8 for stresses along vertical and horizontal diameters respectively. It can be seen that large difference in constituent properties will lead to significant stress concentration even if there were no voids presented. This indicates that the relative stiffness between aggregates and the asphalt binder (or mastics) also plays an important role in the mixture performance. It also implies that the damage may become more significant due to a softer binder or mastics. It should be noted that for the simulations with E ratio of 20:1 and 100:1, more refined mesh might be needed to catch the accurate stress distribution and hence stress concentration.
CONCLUSIONS
This paper presents an evaluation of the non-uniform stress distribution effect on IDT test. The stress concentration varies significantly with the void distribution and the relative stiffness between aggregate and binder. IDT test should be combined with FEM simulation to offer better interpretation of the test results. The stress concentration factor may serve as a good simple performance indicator. 
